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Acid-Base Equilibrium
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Acid-base theories:

1) Arrhenius Theory (H" and OH):- This theory is obviously restricted
to water as the solvent.

Acid:-any substance that ionizes (partially or completely) in water to give
hydrogen ion (which associate with the solvent to give hydronium ion
H30+):

HA + H,0 & H30" + A~

Base:-any substance that ionizes in water to give hydroxyl ions. Weak
(partially ionized) to generally ionize as follows:-

B+ H,0 < BH" + OH™
While strong bases such as metal hydroxides (e.g. NaOH) dissociate as

M(OH), & M™" + nOH™
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2) Bronsted-Lowry Theory (taking and giving protons, H):-
Acid:-any substance that can donate a proton.

Base:-any substance that can accept a proton. Thus, we can write a half
reaction:

Acid = H" + Base
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CH3;COOH + H,O «—» H;0" + CH5COO
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3) Lewis Theory (taking and giving electrons):-
Acid:-a substance that can accept an electron pair.

Base:-a substance that can donate an electron pair.

R R
AlCl3+:0 7 ., CLAlO 7
R R

H,0 + H' & H,0: H*(H;0")
HO: + H* & H:OH

z 50 Qi (sl s (aalall Cum | A g IV 2550 e hadie) 1 ol 4l
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ousl paala + gl Bacld

I\/IHL

Example:

I:IBF;; + :NH; «—— 3B . IH

FH FH
| A\ .

F —F‘ﬂ':N H = F—1|3: 1\|I——H
F H FH
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Acid-Base Equilibria in water

Acid-Base Equilibria in water:-when an acid or base is dissolved in
water, it will dissociate, or ionize, the amount of ionization being
dependent on the strength of the acid or base. A strong electrolyte is
completely dissociated, while a weak electrolyte is partially dissociated.

O el 32l o amalall Cosdy ladie —relall 8 Bac il 5 el ) ) 5) 58
s el a8 e il ApeS aaiad g oy ) S (o sac ) ) (adlal)
L s Cmaall gl 5 yiSHY clSa, ey (bl (g 8l ol 5 yiSIY) SlSany 3acall

HCl + H,0 —» H30% + C1~ (strong acid, completely ionized)
LS cplly 5 68 aala 8 HCI aala

HOAC + HO <«—— H;0O" + OAC
CH;COOH + H,0 «—— H;0" + CH;COO
(weak acid, partially ionized, a few percent)

L Gl s (adla 8 (HOAC= CH3COOH) cliall (adls

Cauny Al Jllaad) 3 (aeald) 3580 (uliia sa (K©) @uluad) (Sealiadl) A gaall culd
o A5 (Kw) S elad) (s coliy Jasi yy 5 elall &4l gl ) Gaeal) GSi s0a
S 5 uelly e soned) @il I i sla) ol s

Thermodynamic acidity constant K ©
HOAC + H,O0 «——» H3;0" + OAC

., aHz;0" x aOAC~
~ aH,0 x aHOAC

In dilute solutions, the activity of water remains essentially constant, and
Is taken as unity at standard state:

Aol AST) 8 13s 5 i) g bl S Ul oLl ol Jlay daasal) Jullsal)

K aH;0" x aOAC~
a aHOAC
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slall oo
Pure water ionizes slightly, or undergoes autoprotolysis (self-ionization
of solvent to give a cation and anion):-
(Ol s 0588 slacy udall 313 o) A Jladll oady 5 SUlE il bl s,
2H,0 & H3;0" + OH™
The equilibrium constant ¢J)s8 <\ for this is:

., aH30% xaOH~
wo aH, 02

the activity of water is constant in dilute solution (its concentration is
essentially constant at ~ 55.3M), so:-

(M 55.3 ~ xic ol (S0 <l o 38 53) Catdall Jslaall 8 40l dad oLl 4lad
K,, = aH;0" x aOH™

K,, = thermodynamic outoprotolysis or self — ionization,
constant)

K, sl oall (Sualiall Il el s

We will use H" in place of HsO" for simplification, also, molar
concentration will generally be used instead of activities and represented
by square brackets [ ] around the species).

[ 1 &0 008 S5 ¥ sall 5SSl aadin s H30™ 0o Y H Jladial &y
JUe Adladll (e Yoy

HCl & H* + C1~

[H*][0ACT]
HOAC

HOAC < H' + OAC—,K, =
H,0 & H' + OH",K,, = [H"][OH]
1.0 x 107 * = [HT][OH ] at 25°C

Therefore [H'] = [OH ] =1.0x 107’ M
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¢ K slall A S i) el g3 ;o
H20 «— H' +OH

[H+]+[OH-]
[H20]

K [H20] = [H]*[OH]

K [H,0] = Kw
Kw = [H'T*[OH] =1x10™

107'= [OHT]= [H] Asaiadl Jllaall o
107 < [H']eite [OH] < [H'] dpaalall Jllaall o
107> [H]wie [OH] > [H] &l Slaall o

(PH dscaalall Allalh ) A gl ()

PH=-Log [H]
[H+] — 10 -PH

POH = -Log [OH]
[OH] =107°"

PH + POH = 14
PKv = PH + POH = 14
-Log Kw =-Log [H'] + (-Log [OH)
PKy = -LOg K
7 = POH = PH  daaial Jdaal)
(0-7) 7 > PH Al il A
(7—14) 7 < PH  dsl) a2
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pH and pOH scale

increasing acidity increasing basicity

decreasing [H*] _ neutral » decreasing [OH"]

pPH =—-log [H"]

pOH = — log [OH"]

privamstudyoentre.com

Acids Alkalis

Increasingly acidic Increasingly alkaline
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Concentratlcm of

pH

'i
a

i _10 Vinegar
1x10 1x10 ] ‘ E ‘
9 1x10°  1x10 HI r,

1x10 1x10

1x10°  1x10°

10 1x10°  1x10°

11
12 1x10% 1x10° :

-IX-IO -IX-IO Drain Cleaner
14 1x10° 1x10° m
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Acid and base equilibriunfusill g dmall ao gl g (sl gad) ¢ 5 g8

Acid and base equilibrium is:

1 - strong electrolytes

A —strong acid B -strong base = C - salt very soluble in water
2 —weak electrolytes

A —weakacid B -weakbase C - saltweak soluble in water

3 — Non - electrolytes (Undissociated substance)

gjw\wpgégﬁﬂﬁﬁg,ﬂ\hw\gh D g oA culg SN o
(all L slaca B Ly o ISES ) Balal) A cismdal) cud g SSY) o

strong electrolytes abi <ISds

strong acid

HA —H" + A

Before dissociation x 0 0
After — dissociation 0 X X
[HA]=[H"]=[A"]
pH=-Llog [H"]

C.cia = [ HA ] = concentration of the acid
pH =- Log Cacid

strong base

BoH————> B'+ OH’
before — dissociation X 0 0
after — dissociation 0 X X
BoH =[ oH ] =[B"]
poH =-Log [ oH ]

Chase = [ BoH ] = concentration of the base.
[ OH ] =- Log Chase

weak electrolytes ali & &lsis

weak acid
HA «— H ' + A
Before — dissociation(Initial) Ca 0 0

After — dissociation(Equilibrium) Ca-x X X
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X*xX
Ka =
Ca—X

Jagd b _a allall AX

Jagh aliall L x (b K, ¢ B30 Ada ysSI Gaalald) 38 5 13)

X=+Ka * Ca =[H']=[A]

weak base
BOH «— B' + OH
Before — dissociation(Initial) Cb 0 0
After — dissociation(Equilibrium) Cb -x X X
_[0H-][B+]
Kb = [BOH)]

X*X
Kb =

Cb—X

Jags B_iua aliall AX
Jagh alial) B x 8 Ky (e 80 dda uS) Bas &) 38 5 1)

X= VKb * Cb = [H']=[B]

Example(1):-A 1.0x10° M solution of HCI prepared. What is the
hydroxyl ion concentration [OH]? 8 g=sls HCI

Solution:

HCI > H* + CI
Before dissociation 1.0x10° 0 0
After — dissociation 0 1.0x10°® 1.0x10°

[HCI]=[H']=[CI'] =1.0x10°

K, =[H'][OH ]=1.0x 10714
1.0x103x[OH ] =1.0 x 10714

[OH ] =1.0x10711M, POH=11
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Example(2):-Calculate the PH and POH of a 2x10*M HCI?

Solution:

HCI > H* + CI
Before dissociation 2.0x10° 0 0
After — dissociation 0 2.0x10° 2.0x10°

[HCI]=[H']=[CI'] =2.0x10°
pH = —log[H"]
= —1log(2.0 x 1073)
=3-1og2.0=2.70
pOH = —log[OH ]

PK, = pH + pOH = 14

Example (3):-Calculate the pOH and pH of a 5x10% M NaOH? & s sacé

Solution:

NaOH —> Na* + OH"
Before dissociation 5.0x107 0 0
After — dissociation 0 5.0x10%  5.0x107

[ NaOH] =[Na*]=[ OH ] =5.0x10"
[OH"] =5x 10"2M
pOH = —log[OH ]
= —log(5 x 1072)
=2-—1log5
=2-0.70 =1.30
pH + pOH = 14

pH=14—-pOH, POH=14-1.30=12.70
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Example(4):-The pH of a solution is 9.67. Calculate the hydrogen ion
concentration in the solution?

Solution:-
pH = —log[H"],
[H'] = 107P%,
[HT] = 107967

[H']=1071°%x 1033 =2.1 x1071°M

Example (5):-Calculate the pH and pOH of a 1.0x10® M solution acetic
acid CHzCOOH, Ka = 1.75x10°? CHsCOOH| Sax= 0=

Solution:
HOAC «— H' + OAC
Initial 1.0x10 3 0 + 0
Equilibrium 1.0x10 3 -x x + X
Ka = [H+] [0AC—]
[HOAC)]
X*xX
Ka = , 1.75x105 = Lﬂ
Ca—X 1.0x107°>—x

_ 1.0x1073 v n . 5 T
57 = K, & S acdi Jal) Aok 48 2l

T1.75x10-5

019 (i aliall B Xag el 0415-10Amus Jslaall 8 Gl (e las ARS8 G A |
K Gl <l (e 8 0 100 (o J8 paalall o) 38 80 Gls

x = 1.32x107*M = [H]
pH = —log[H'] = —log1.32x10~* = 4-0.12 = 3.88
pH+pOH = 14

pOH =14-pH =14-3.88 =10.12




Analytical Chemistry  Lecture 6 Dr. Ruba Fahmi Abbas

Example (6):-The basicity constant K, for ammonia is 1.75x10™ at
25°C,. Calculate the pH and pOH for a 1.0x10°° M solution of NH3? 8=

- .

-

Solution:
NH; + H,O «— NH, + OH"
Initial 1.0x10 3 0 + 0
Equilibrium 1.0x10 3 -x x + ) ¢
Kb = [VH4-+ [0H-]
[NH3]
X+X
Kb =
Cbh—X
X*xX
1.75x10° = ———
1.0x1073 M

_ 1.0x1073 v n . 5 T
57 = K}, 15 S andi Jal) AR5k 48 jaal

T1.75x10-5

019 i aliall B Xage A 0415-10Amuis Jslaall 8 Gl (e las ARS8 5 A =]
K Gl <l (e 8 0 100 (o J8 paalall o) 38 80 ls

X2=1.75%10"*1.0 x 1073

x=V1.7x10 5 x1.0x10 3 = 1.32x10 *M = [OH-]
pOH = —log [OH ] = —log1.32x10 * = 3.88

pH =14-pOH = 14-3.88 =10.12
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Example(7):-Calculate the pH of a solution prepared by mixing 2.0 mL
of a strong acid solution of PH=3.0 (keep track of millimoles) and 3.0

mL of a strong base of pH= 10.0?

Solution:-
Lt aa g padagina o
POH ¢ g Aiui o ¥ 438 5208l o
pOH = 14 — pH
pOH=14-10=4.0
[OH"]=1.0 x 10~*M
HA + BOH excess [ H+]
V=2 mL 3mL
pH=3 POH=4
[H]=1x10" [OH ] =1.0 x 10~*M
mmol =M*V mmol =M*V
mmol=2x10"* mmol = 3x10™

BN @A Ao Jgeanll Y gall 7 sk A BaslAl (ha uS) laalal) @Y ga -1 ;Aliada
A Y e Bl Al I day -3 AL aaal) o Jgaall agaall paa Gy -2
gl excess [H+]usadl paaall jus 5 Ao J gaall ST aaal)
There is an excess of acid:-
mmol HF =2x103-3x10"%=1.7 x 1073 mmol

V total = 2+3=5mL

_mmol
|4

M
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1.7 x 10 3mmaol

=3.4x107*M
S5mL

[H]

pH=-10g3.4x10"*=4-0.53 = 3.47

Salts

Salts:any compound that produce from reaction of acid with base, and
can be classified to:

) il g Bacld aa (aala Jolii (e Al LS ja A 1 OWY)
CH3;COONa $ Na,CO3 Jbia ;A dpiaala 3! -1
NHiNO; s NH,Cl Jbie :ddm 3018 3l -2

Ofishd el Jlasl) Abmdall 3 duadlly

e Ol g Al ) ) el il Cusr ) (A AoV

ola iy Alial 4 5 1 ilal) i) A0

Salts of weak acids

Jeli Ay, can gall ) Ay gd Bacld g llud) () gY) i (aala (e (Fidiar Cimall paalal) gelal)
Caa paaa e Jgaadl slall aa callad) oY)

1-Ionization = CH3;COONa —— > CH;COO™ + Na'
2- hydrolysis CH,COO" + H,0 ———CHsCOOH + OH"

O b Kbl Jad el e ¢ g A Jstaal) O dausS 5 5354d) (r58) 2595 Bad Ui
105 8 a8 Jlia A LS J)ed)

Salts of weak bases

Jolii Ay, callid) Qo) s 68 plaalay G gall (oY) dbmia Bac B (e (idia; il sac ) elal)
diplield o Jgaall slal) aa i gall (oY)

1- Ionization = NH,CI—> NH," + CI
2- hydrolysis NH," + H,O —— NH,OH + H*

da b K, oaalal) Jlad aull Jariad of g A Jalaal) (& HY G guigd) gl 25 9 Badli Ui
1159 a8 Jha A LS J)ed)
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Example(8):-Calculate the pH of a 0.1M solution of CH3COONa,
ka=1.75 x10™78es il =k CH;COONa

Solution:
1- ionization CH;COONa — CH;COO + Na'

2- hydrolysis CH,COO + H,0 ——*CH,COOH + OH"

OH Sl Jlaill 3 shad (pe Linal K1 KA aslall @l cull J)gad) b ae | :Aiadla
sac ) Wl el e J gaaall ) () 380 Janios 1

Kw = KaKbp
1x10™=1.75 x10® * Ky
Kp= 0.571x107
CHyCOO™ + H,O0 —— CH3;COOH + OH’

Initial 0.1 0 + 0
Equilibrium 0.1-x x + X
Kb = [OH—] [CH3COOH)]
[CH3C00-]
X*xX
Kb =
0.1-X

Ca>100K; — x can be neglected

0.571x10° = X2
0.1

175131348=——21 = K, & S ) acidi () A 48 jaal

0.571x10-9

'The concentration is 175131348 times K, so — x can be neglected

x=[OH ]=7.6x10 ©

_1x10—14

[H'] = =1.3%x107°M
7.6xX10—6

pH =—log[H'] = -log1.3x10 9 = 8.89
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salt of weak acidsd! 3l Jul) o Sl Janiog

[OH-] = V= .Ca = VKiCa-

Example (9):- Calculate the pH of a 0.25M solution of ammonium
chloride NHaCI? kb=1.75 x10°? S GielE ale

Solution:
1-  (ionization) NHsCl — NHi" +CI°
2- (hydrolysis) NH4" +H20 <> NH,OH + H'

A H Sl Jlaill 5 gl (e Ll (S Kk saclal) @S85 culs J)gadl 8 e ) 4Bada
oraslall @i culd e Jpanll ) ¢ 518 Jexiiass

Kw = KaKb
1x10™=1.75 x10®° * K,
Ka= 0.571x10°®
NH," + H,O — NH,OH + H*

Initial 0.25 0 + 0
Equilibrium 0.25-x X + X
_ [NH40H] [H+]
Ka = [NH4+]
X*xX

Ka = , 0.571x10° = X2
0.25-X 0.25

Ca>100K; — x can be neglected

437828371 =—25 = K i Sl addi () 45y b A8 jual

0.571x10-9

'The concentration is 437828371 times K, so — x can be neglected

x=[H']=1.2x105M

pH =-log1.2x10 5 =4.92




Analytical Chemistry  Lecture 6 Dr. Ruba Fahmi Abbas

salt of weak basesd! 3 il JUl o Sl Janiog sl

K -
[H'] = \-.Con" == VKuCan*

Example (10):- Calculate the pH and pOH of a 0.2 M solution of sodium
benzoate (C¢HsCOONa). Ka for benzoic acid (CsHsCOOH) is 6.3 x 10~°

Solution:
1- ionization CiHsCOONa —— C¢HsCOO + Na'
2-hydrolysis CeHsCOO™ + H,0 —— C4HsCOOH + OH'

OH Sl Jlaill 3 shad (pe Linal K1 K@ aslall @l culs J)gad) b ae | :Aiadla
sac ) @SE cull e J gaanll 1 ¢ gilE) Qi Sll1

Kw = KaKbp
1x10™=6.3 x 1075 * Ky
Kp= 1.59 x 10™°
Ce¢HsCOO™ + H,O——> C¢HsCOOH + OH
Initial 0.2 0 + 0

Equilibrium 0.2-x x + X

Kb = [OH—] [CsHsCOOH]

[CsHsCO0—]
X*xX
Kb = . 159x101°0=2X2
02-X 0.2

Ca>100K; — x can be neglected

1257861635=— 2 = K, Ao Sl acdi Jal) Ay 48l

1.59x10-10

The concentration is 1257861635 times K, so — x can be neglected
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x = [OH ]= 5.64 x 10-°M
pOH = —log[OH] = —log 5.64 x 10° = 5.25
pOH =5.25
pH + pOH =14, pH =14 -5.25=8.75

Example (11):- Calculate the pH and POH of a 0.5M solution of
NHaNO;? kb=1.8 x10™ 75tma Gaeli e

Solution:
1-  (ionization) NH4sNO; — NHs" +NO;s;
2- (hydrolysis) NH4" +H20 <> NH,OH + H”

A H Sl Jlacll 5 gl (e Lipal Sk saclal) @S85 culs Jhgad) 8 el :4Bada
oraslall @i culd e Jpanll ) ¢ 1) Jexiiass

Kw = KaKb
1x10™=1.8 x10™ * Ka
Ka= 0.555x10°
NH,"* + H,0 — NH,OH + H*

Initial 0.5 0 + 0
Equilibrium 0.5-x x + X
_ [NH40H] [H+]
Ka = [NH4+]
_ XX 9 _X2
Ka = 05_x 0.555%10™ = 05

C,>100K, — x can be neglected

900900900=—25 = K, Ao Sl acii Jal) A5 0 48 el

0.555 x10—9

The concentration is 900900900 times K, so — x can be neglected
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x=[H"]=1.67x10°M
pH = -log1.2x10 5=4.78
pH =4.78
pH + pOH =14, pOH =14 -4.78=9.22

1.0 X 107 M S5 dis 4y 68l) o) galf 5 (aal gal)

(Ol AL R YAl Ay a3l Adaleal) - AU ¢ AL Jag AU JUa)

ax’+bx+c=0

_ b+Vb-4a
X -
2a

Calcworkshop.com

Note: -if the concentration of an acid or base is much less than 107 M,
then its contribution to the acidity or basicity will be negligible compared
with the contribution from water. The pH of a 10® M sodium hydroxide
solution would therefore not differ significantly from 7. If the
concentration of the acid or base is around 107 M, then its contribution is
not negligible and neither is that from water, hence the sum of the two
contributions must be taken.

a5 OB 51 107 Mosa S AS) & ghll 201 681 5 Glaal gl 80 5 Ladie

LAl o) gAl) 5 (ol sadl S 55 (oS Ladie Lal | Jaga slall Ll o8 107 M
Al Jal) b Las cliluald) B Jay slall 180 8 107 M
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Example(Z2):-Calculate the pH and pOH of a 1.0 x 107 M solution HCI?

Solution:
HCl - H +Cl”

H:0 - H" + OH
[H+][OH-] = 1.0x10 14........ @)
X = +Lall [OH-] 5 [H+] 38 5 o i
[H'JH204iss =[OH JH204iss. = X
Cor o) syl 3858 G bg (N5a 7710 x 1.0) HCI 3850l Lay o
gl S 3 (R plall dablusa Jlab) (iSay ¥ LS cplall (s (e Al
198 Jotaall (A S cpa g gl clisnl 585 ) G gl
[H] =[H Tua + [H u20 diss .....(2)
1 54 2 Ulae (im g
[H][OH ] =1.0x10 14...... D
(1.0x107 +X)(X) = 1.0x10 14
X2 +1.0x10 7 +1.0x10 14 =0
Using the quadratic equation to solve:-

X2 +1.0x10 7+1.0x10 4=0

ax? + bx -c=0
b=1.0x107
X = —b + Vb2 —-4a
B 2
—1.0x10-7 + /(1.0x 10 —7)2 + 4 ( )

2
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_—1x10"7 + V1x10-14+4x10~14

2

_—1x1077 +/5x10714

2

_ —1x1077 4+ 2.236x10

2

Lecture 6
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_—1x1077+ 2.236x10~"

_ —1x1077—2.236x107’

2 2
=H000-0,618x1077 M :_3'233X10_7:-1.618 x 1077
= 0.62x107
pH = —log[H"]
= —log(F1618 x 10~ 7)
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[H] =[H ]ua1 + [H]nz0 diss .....(2)

there for the total concentration H" = 1.0x10 7 + 0.62x10 ' =1.62x10 "M

pH =-log 1.62x10 7=7-0.21 =6.79

pOH =14-6.79 =7.21
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